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(54) Lighting device, liquid crystal display unit, and electronic equipment 



(57) The invention relates to a lighting device (4) in 
which planar light is emitted from the planar light emit- 
ting surface (16a) of a light guide (16) by using a point- 
source light (18), such as an LED. The emitted light has 
a uniform luminance level over the whole light emitting 
surface (16a). The lighting device has a point-source 
light (18) for emitting light in a point-like form. A planar 
light guide (16) radiates light in a planar form from the 
planar light emitting surface (16a). A linear light guide 



(1 9) is disposed between the point-source light (18) and 
the planar light- guide (16). The point-like light emitted 
from the point-source light (18) is converted into linear 
light by the linear light guide (19), and the linear light is 
guided into the planar light guide (16) through the light 
incident surface (16b). Since the linear light is incident 
on the planar light guide (16), light having a uniform lu- 
minance level can be obtained over the whole of the light 
emitting surface (16a). 
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Description 



The present invention relates to a lighting device us- 
ing a light guide. The invention is also concerned with a 
liquid crystal display unit using the above type ot lighting 
device The invention further pertains to electronic 
equipment using the above type of liquid crystal display 
unit. 

Liquid crystal display units are being widely used as 
visible information displays for various types of electron- 
ic equipment, such as mobile cellular telephones, video 
cameras, etc. In this type of liquid crystal display unit, 
the orientations of liquid crystals are controlled to mod- 
ulate light, thereby displaying characters, numbers, and 
other visible information. The liquid crystal display unit 
is generally formed in the following manner. A driver IC 
is attached to a liquid crystal panel so as to form a liquid 
crystal module. Further, a lighting device and a reflector 
are fixed to the liquid crystal module. 

Hitherto, as the foregoing lighting device, the light- 
ing device shown in Fig. 1 0 is known which has a planar 
light guide 101 and point-source lights 102 which are 
positioned to face a light incident surface 101a of the 
light guide 101. In this conventional device, the light 
emitted from the point-source lights 102 is diverged by 
lenses 103, respectively, and the diverged light then ra- 
diates in a planar form from a light emitting surface 101b 
of the light guide 101. 

In the above known type of lighting device, however, 
the area in which the light emitted from the point-source 
lights 102 can be guided is restricted to predetermined 
angular areas A. A sufficient luminance level of light can 
be obtained in the areas A, but not in the portions outside 
the areas A. As a result, the overall light emitting surface 
101b cannot emit light with a uniform luminance level. 

in view of the above problem, it is an object of the 
present invention to provide a lighting device in which 
the light having a uniform luminance level can emit from 
the overall planar light emitting surface of a light guide 
when the light is applied to the light guide from point- 
source lights. 

In order to achieve the above object, according to 
one aspect of the present invention, there is provided a 
lighting device comprising a point-source light for emit- 
ting light in a point-like form, and a planar light guide for 
guiding the light from the point-source light and radiating 
the guided light from a planar light emitting surface in a 
planar form, the lighting device being characterised in 
that a linear light guide is disposed between the point- 
source light and the planar light guide so as to convert 
the light from the point-source light into linear light and 
radiate the linear light to the planar light guide. Accord- 
ing to this lighting device, since the linear light rather 
than the point-like light is incident on the light incident 
surface of the planar light guide, the light having a uni- 
form luminance level can be obtained on the overall pla- 
nar light emitting surface of the planar light guide. 

With the above configuration, the linear light guide 



and the planar light guide may be separately formed, 
and then, the light emitting surface of the linear light 
guide and the light incident surface of the planar light 
guide may be brought into contact with each other Al- 
5 ternativ ly, the linear light guide and the planar light 
guide may be integrally formed of the same member. In 
this case, one cross-sectional surface of the same mem- 
ber may potentially be used as both the light emitting 
surface of the linear light guide and the light incident sur- 
10 face of the planar light guide. 

In the foregoing configuration, the linear light guide 
may be formed in a rod-like shape provided with a light 
emitting surface in a position opposedly facing a light 
incident surface of the planar light guide. At this time, 
is the point-source light may be positioned to opposedly 
face at least one of the lateral surfaces adjacent to the 
light emitting surface of the linear light guide. Moreover, 
a light reflecting member for guiding the light from the 
point-source light to the light emitting surface of the lin- 
20 ear light guide may be provided on a surface other than 
the light emitting surface of the linear light guide. The 
light reflecting member may be formed of any one of, for 
example, a prism, a dot pattern having a light reflecting 
colour, and a light reflecting sheet. The light reflecting 
25 colour is generally white, but may be another colour as 
long as it can reflect the light. 

If the light reflecting member is provided for the lin- 
ear light guide, the surface on which the light reflecting 
member is disposed may be preferably inclined in a di- 
30 rection toward the point-source light . It is thus possible 
to efficiently guide the light radiated from the point- 
source light to the planar light guide. 

According to another aspect of the present inven- 
tion, there is provided a liquid crystal display unit com- 
35 prising a liquid crystal panel and a lighting device at- 
tached to the liquid crystal panel. The lighting device has 
a point-source light for emitting light in a point-like form, 
and a planar light guide for guiding the light from the 
point-source light and radiating the guided light from a 
40 planar light emitting surface in a planar form. A linear 
light guide is disposed between the point-source light 
and the planar light guide so as to convert the light from 
the point-source light into linear light and radiate the lin- 
ear light to the planar light guide. In the liquid crystal 
45 display unit, as well as the foregoing lighting device, the 
linear light rather than the point-like light is incident on 
the light incident surface of the planar light guide, there- 
by making it possible to obtain the light having a uniform 
luminance level on the overall planar light emitting sur- 
50 face of the planar light guide. 

According to a further aspect of the present inven- 
tion, there is provided electronic equipment comprising 
the foregoing liquid crystal display unit. The electronic 
equipment includes at least the above liquid crystal dis- 
ss play unit, a power supply unit for supplying power to the 
liquid crystal display unit, and a controller for controlling 
the operation of the liquid crystal display unit. Various 
types of electronic equipment, for example, mobile eel- 
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lular telephones and video cameras, may be consid- 
ered. 

Embodiments of the present invention will now be 
described by way of example only and with reference to 
the accompanying drawings, in which:- 

Fig. 1 is an exploded perspective view illustrating 
an embodiment of a lighting device and an embodiment 
of a liquid crystal display unit according to the present 
invention. 

Fig. 2 is a sectional view illustrating the sectional 
structure as viewed from the lateral surface of the liquid 
crystal display unit shown in Fig. 1 . 

Fig. 3 is a sectional view illustrating part of the sec- 
tional structure as viewed from the top of the liquid crys- 
tal display unit shown in Fig. 2. 

Fig. 4 is a perspective view illustrating another em- 
bodiment of the linear light guide. 

Fig. 5 is a perspective view illustrating still another 
embodiment of the linear light guide. 

Fig. 6 is a perspective view illustrating a further em- 
bodiment of the linear light guide. 

Fig. 7 is a perspective view illustrating another em- 
bodiment of a lighting device according to the present 
invention. 

Fig. 8 is an exploded perspective view illustrating 
an embodiment of electronic equipment according to the 
present invention. 

Fig. 9 is a block diagram illustrating an embodiment 
of an electrical control system applicable to the electron- 
ic equipment shown in Fig. 8. 

Fig. 10 is a plan view illustrating an example of 
known lighting devices. 

First Embodiment 

Fig. 1 illustrates an embodiment of a lighting device 
and an embodiment of a liquid crystal display unit ac- 
cording to the present invention. In Fig. 1 , a liquid crystal 
display unit 1 is formed by attaching a driver IC 3 and a 
lighting device 4 to a liquid crystal panel 2. The liquid 
crystal panel 2 has, as shown in Fig. 2, a pair of trans- 
parent substrates 6a and 6b opposedly facing each oth- 
er. A transparent electrode 9a made from ITO (Indium 
Tin Oxide) is formed on the surface of one transparent 
substrate 6a. The transparent electrode 9a includes at 
least a striped electrode which is formed by arranging a 
plurality of linear electrodes parallel to each other. The 
transparent electrode 9a may sometimes include a suit- 
ably patterned electrode. An alignment layer 11 is dis- 
posed on the transparent electrode 9a and then under- 
goes an alignment operation, for example, a rubbing op- 
eration. 

Formed on the other transparent substrate 6b is an 
ITO-made transparent electrode 9b which includes at 
least a striped electrode and may include a patterned 
electrode. An alignment layer 11 is also disposed on the 
transparent electrode 9b and is further aligned. 

The transparent substrates 6a and 6b are overlaid 



on each other in such a manner that the transparent 
electrodes 9a and 9b opposedly face each other, in par- 
ticular, the striped electrodes are positioned orthogonal 
to each other. The transpar nt substrates 6a and 6b are 

5 then bonded to each other with a sealing material 7 ther- 
ebetween so as to form a suitable gap, i.e., a cell gap, 
between the substrates 6a and 6b. Then, a liquid crystal 
8 is sealed inside the cell gap. Polarises 1 7 are attached 
to the outer surfaces of the respective transparent sub- 

to strates 6a and 6b. 

The transparent electrode 6a extends off the trans- 
parent electrode 6b, and a connecting conductive ter- 
minal 12 is formed on the extended portion. The con- 
necting conductive terminal 12 has two terminal por- 

is tions: one terminal portion is integrally formed with the 
transparent electrode 9a, while the other terminal por- 
tion is connected to the transparent electrode 9b formed 
on the transparent substrate 6b with a conducting ma- 
terial (not shown) provided between the transparent 

20 substrates 6a and 6b. Also formed on the end of the ex- 
tended portion of the transparent substrate 6a is an ex- 
ternal connecting conductive terminal 1 3 for establish- 
ing a connection with an external circuit. 

The driver IC 3 is fixed to the liquid crystal panel 2 

25 configured as described above in the following manner. 
As illustrated in Fig. 2, projecting electrodes, i.e., 
bumps, of the driver IC 3 are brought into contact with 
the connecting conductive terminal 12 and the external 
connecting conductive terminal 1 3, respectively, with in- 

30 tervening ACF (Anisotropic Conductive Film) 14. Then, 
pressure and heat are applied, thereby bonding the driv- 
er IC 3 to the transparent substrate 6a. 

in this embodiment, the lighting device 4 is bonded 
to the outer surface of the transparent substrate 6a by 

35 using double-sided adhesive tape or other adhesive 
means. The lighting device 4 has, as shown in Fig. 1 , 
two tungsten lamps 18, 18 serving as point-source 
lights, a planar light guide 16 provided with a light inci- 
dent surface 1 6b and a planar light emitting surface 1 6a, 

40 and a linear light guide 1 9 disposed between the lamps 
18 and the planar light guide 16. The planar light guide 
1 6 and the linear light guide 1 9 are formed from, for ex- 
ample, an acrylic, polycarbonate, or glass fibber mate- 
rial. 

4S a plurality of linear prisms 21 are formed on the sur- 
face of the planar light guide 16 opposite to the light 
emitting surface 16a and are formed in a striped shape 
parallel to the axis of the linear light guide 1 9. The prisms 
21 are formed, as shown in Fig. 2, by providing linear 

so recessed portions having a triangular shape in cross 
section on the surface of the planar light guide 1 6. A light 
reflecting sheet 23 is attached to the surface on which 
the prisms 21 are formed. 

In Fig. 1, the linear light guide 19 is formed in a 

55 quadrilateral-prism bar-like shape. Among the lateral 
surfaces of the linear light guide 19, the surface facing 
the light incident surface 16b of the planar light guide 16 
is used as a light emitting surface 19a. Formed on the 
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lateral surface opposite to the light emitting surface 1 9a 
are a plurality of linear prisms 22 in a striped shape, 
which serve as a light reflecting member, in the direction 
orthogonal to the axis of the linear prisms 22. The prisms 
22, as well as the prisms 21 , are formed, as shown in 
Fig. 3, by providing linear recessed portions having a 
triangular shape in cross section on the lateral surface 
of the linear light guide 19. 

The linear light guide 19 and the planar light guide 
1 6 are disposed in a predetermined position of the liquid 
crystal panel 2 in a state in which the light emitting sur- 
face 1 9a of the linear light guide 1 9 and the light incident 
surface 16b of the planar light guide 16 are brought into 
contact with each other. It is preferable that an adhesive 
does not intervene between the light emitting surface 
1 9a of the linear light guide 1 9 and the light incident sur- 
face 16b of the planar light guide 16 when they are in 
planar-contact with each other. The lamps 18, 1B are 
positioned to face the respective edge surfaces adja- 
cent to the light emitting surface 19a of the linear light 
guide 19. 

In the lighting device and the liquid crystal display 
unit of this, embodiment constructed as described 
above, the lamps 1 8, 16 emit light in a point-like form by 
current supply, and the emitted light is gutded into the 
linear light guide 19 through its edge surfaces. The guid- 
ed light is then reflected by the prisms 22, as indicated 
by the arrows B of Fig. 3, while travelling within the linear 
tight guide 1 9, and is linearly emitted from the light emit- 
ting surface 1 9a. The light is further guided into the pla- 
nar light guide 1 6 through the light incident surface 1 6b. 

The linear light guided into the planar light guide 16 
is reflected by the prisms 21 , as indicated by the arrows 
C of Fig. 2, while travelling within the planar light guide 
1 6. It is then emitted in a planar form from the light emit- 
ting surface 16a. In this embodiment, since the light 
guided into the planar light guide 1 6 is not point-like light 
but linear light, the overall light emitting surface 16a is 
able to emit planar light at a uniform luminance level. 

During the above light emitting operation, the re- 
quired transparent electrodes 9a and 9b are selected by 
the driver IC 3 and a voltage is applied to the selected 
electrodes 9a and 9b. Accordingly, the orientations of 
the liquid crystals corresponding to the selected elec- 
trodes are changed from the initial state. The light radi- 
ated from the lighting device 4 in the manner described 
above is modulated in accordance with changes in the 
orientations of the liquid crystals. As a consequence, the 
modulated light is recognised as visible information 
through the poiariser 17 shown in the upper parts of 
Figs. 1 and 2. According to the above description, in this 
embodiment, the light having a uniform luminance level 
. can be radiated from the overall light emitting surface 
16a of the planar light guide 16. This makes it possible 
to obtain a visible image having a uniform brightness 
level within the display surface of the liquid crystal panel 
2. 



Second Embodiment 

Fig. 4 illustrates an example of modifications which 
can be made to the linear light guide. A linear light guide 
5 29 shown in Fig 4 differs from the linear light guide 19 
shown in Fig. 1 in that (1) only one tungsten lamp 18 is 
provided at one end of the linear light guide 29, and (2) 
the surface on which the prisms 22 are formed opposite 
to the light emitting surface 29a is inclined toward the 
10 tungsten lamp 18. According to this embodiment, since 
the light emitted from the lamp 18 can be efficiently guid-o 
ed to the prisms 22, linearly emitted light having a suf- 
ficient level of luminance can be obtained with only one 
lamp 18. 

75 

Third Embodiment 

Fig. 5 illustrates another example of modifications 
which can be made to the linear light guide. A linear light 
20 guide 39 shown in Fig. 5 is different from the linear light 
guide 19 shown in Fig. 1 in that, firstly, white-colour dot 
patterns 32 are used in place of the prisms 22 (Fig. 1) 
as a light reflecting member for reflecting the point-like 
light emitted from the lamp 18. Secondly, the surface of 
25 the linear light guide 39 on which the white-colour dot 
patterns 32 are provided is inclined in different directions 
with respect to the centre of the linear light guide 39. 
This allows the surface provided with the white-colour 
dot patterns 32 to face the individual lamps 1 8. Accord- 
30 ing to this linear light guide 39, the light from the individ- 
ual lamps 1 8 is reflected by the white-colour dot patterns 
32 and is emitted from the light emitting surface 39a as 
linear light. 

35 Fourth Embodiment 

Fig. 6 illustrates a further example of modifications 
which can be made to the linear light guide. A linear light 
guide 49 shown in Fig. 6 differs from the linear light guide 
40 19 shown in Fig. 1 in that, firstly, a light reflecting sheet 
42 is used instead of the prisms 22 (Fig. 1) as a light 
reflecting member for reflecting the point-like light emit- 
ted from the lamps 1 8. Secondly, the portion of the linear 
light guide 49 to be attached to the light reflecting sheet 
45 42 is formed in a tubular shape. 

It should be noted that any of the light reflecting 
members, such as the prisms 22, the white-colour dot 
patterns 32, the light reflecting sheet 42, may be used 
interchangeably with the linear light guides 19, 29, 39 
so and 49 illustrated in Figs. 1 , 4, 5 and 6, respectively. 

Fifth Embodiment 

Fig. 7 illustrates another embodiment of a lighting 
55 device according to the present invention. In the lighting 
device 4 shown in Fig. 1, the linear light guide 19 and 
the planar light guide 16 are separately formed and are 
then integrated with each other. In contrast, in the light- 
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ing device 24 of this embodiment illustrated in Fig. 7, a 
linear light guide 59 and a planar light guide 26 are in- 
tegrally formed in advance with the same member In 
this embodiment, one cross-sectional surface within the 
light guide member including the linear light guide 59 s 
and the planar light guide 26 may potentially be used as 
both the light emitting surface of the linear light guide 1 9 
and the light incident surface of the planar light guide 26. , 

Sixth Embodiment 

Fig. 8 illustrates an embodiment of a liquid crystal 
display unit of the present invention which is used as a 
display for electronic equipment, such as a mobile cel- 
lular telephone. The mobile cellular telephone shown in 
Fig. 8 is formed of an upper case 66 and a lower case 
67. The upper case 66 has a transmitting/receiving an- 
tenna 68, a keyboard unit 69, and a microphone 72. The 
lower case 67 includes a liquid crystal display unit 1 , 
such as the one shown in Fig. 1 , a speaker 73, and a 
circuit board 74. 

Provided on the circuit board 74 are, as shown in 
Fig. 9, a receiver 78 connected to an input terminal of 
the speaker 73, a transmitter 77 connected to an output 
terminal of the microphone 72, a controller 76 having a 
CPU, and a power supply 79 for supplying power to the 
respective elements. The controller 76 reads the state 
of the transmitter 77 and the receiver 78 and, based on 
the state that was read, supplies the information to the 
driver IC 3, thereby displaying the visible information in 
the display area of the liquid crystal display unit 1 . Fur- 
ther, the controller 76 supplies the information output 
from the keyboard unit 69 to the driver IC 3 and displays 
the visible information in the display area of the liquid 
crystal display unit 1 . 

Other Embodiments 

While the present invention has been explained 
with reference to what are presently considered to be 
the preferred embodiments, it is to be understood that 
the invention is not limited to the disclosed embodi- 
ments. To the contrary, the invention is intended to be 
changed and modified within the scope of the appended 
claims. 

For example, according to the lighting device set 
forth in claim 1 , the point-source lights are not limited to 
tungsten lamps, and light sources having any structure 
which exhibits characteristics of radiating point-like 
light, for example, an LED (light emitting diode), may be 
used. 

According to the liquid crystal display unit set forth 
in claim 7, a COG (Chip On Gtass)-type liquid crystal 
panel is used by way of example in the embodiment 
shown in Fig. 1 . The present invention may be, however, 
applied to a liquid crystal panel using a TCP (Tape Car- 
rier Package), which is formed by a technique of TAB 
(Tape Automated Bonding), or other types of liquid crys- 



tal panels. 

According to the electronic equipment set forth in 
claim 8, the liquid crystal display unit of the present in- 
vention is used as the visible information display unit of 
a mobile cellular telephone by way of example in the 
embodiment shown in Fig. 8. The present invention may 
be applied to any electronic equipment other than mo- 
bile cellular telephones. For example, the visible infor- 
mation display area, which is referred to as "the finder", 
of a video camera or a digital still camera. 

According to the lighting device set forth in claim 1 , 
since linear light rather than point-like light is incident on 
the light incident surface of the planar light guide; light 
having a uniform luminance level can be emitted from 
the overall light emitting surface of the planar light guide. 

According to the lighting device set forth in claim 2, 
different types of linear light guides and planar light 
guides are provided and, among such guides, suitable 
types may be selected and combined according to the 
need. 

According to the lighting device set forth in claim 3, 
the linear light guide and the planar light guide are inte- 
grally formed of one member. Thus; the lighting device 
is simple to construct; the lighting device and the liquid 
crystal display unit are easy to assemble; and the man- 
agement of parts is also easy. 

According to the lighting device set forth in claim 4, 
the linear light guide is easily constructed, and stable 
luminance characteristics of the linear light can be ob- 
tained. 

According to the lighting device set forth in claim 5, 
the light reflecting member of the linear light guide is 
easily configured, and stable light reflection character- 
istics can be achieved. 

According to the lighting device set forth in claim 6, 
since a large amount of light emitted from the point- 
source lights can be guided to the light reflecting mem- 
ber; linear light having a high luminance level can be 
obtained on the light emitting surface of the linear light 
guide. 

According to the liquid crystal display unit set forth 
in claim 7 and the electronic equipment set forth in claim 
8, the light emitted from the overall light emitting surface 
of the planar light guide has a uniform luminance level. 
Thus, it is possible to obtain a display having a uniform 
brightness level within the visible information display ar- 
ea of the liquid crystal panel. 



so Claims 

1. A lighting device (4) comprising a point-source light 
(18) for emitting light in a point-like form, and a pla- 
nar light guide (16) for guiding the light from said 
55 point-source light (1 8) and radiating the guided light 
from a planar light emitting surface (1 6a) in a planar 
form, said lighting device (4) being characterised in 
that a linear light guide (19) is disposed between 
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said point-source light (18) and said planar light 
guide (1 6) so as to convert the light trom said point- 
source light (18) into linear light and radiate the lin- 
ear light to said planar light guide (16). 

2. A lighting device according to claim 1 , characterised 
in that said linear light guide (19) and said planar 
light guide (16) are separately formed. 

3. A lighting device according to claim 1 , characterised 
in that said linear light guide (19) and said planar 
light guide (16) are integrally formed as a single 
member. 

4. A lighting device according to at least one ot claims 
1 to 3, characterised in that said linear light guide 
(19) is formed in a bar-like shape provided with a 
light emitting surface (1 9a) at a position opposedly 
facing a light incident surface (16b) of said planar 
light guide (16), said point-source light (18) is posi- 
tioned to opposedly face at least one of the lateral 
surfaces adjacent to the light emitting surface (1 9a) 
of said linear light guide (19), and a tight reflecting 
member (22) for guiding the light from said point- 
source light (18) to the light emitting surface (19a) 
of said linear light guide (19) is provided on a sur- 
face other than the light emitting surface (19a) of 
said linear light guide (19). 

5. A lighting device according to claim 4, characterised 
in that said light reflecting member comprises any 
one of a prism (22), a dot pattern (32) having a light 
reflecting colour, and a light reflecting sheet (42). 



display unit (1 ), and a controller (76) for controlling 
the operation of said liquid crystal display unit (1). 



6. A lighting device according to one of claims 4 and 
5, characterised in that the surface of said linear 
light guide (29) on which said light reflecting mem- 
ber (22) is formed is inclined in a direction toward 
said point-source light (16). 

7. A liquid crystal display unit (1) comprising a liquid 
crystal panel (2) and a lighting device (4) attached 
to said liquid crystal panel (2), said liquid crystal dis- 
play unit (1 ) being characterised in that said lighting 
device (4) has a point-source light (18) for emitting 
light in a point-like form, and a planar light guide (16) 
for guiding the light from said point-source light (18) 
and radiating the guided light from a planar light 
emitting surface (16a) in a planar form, and a linear 
light guide (1 9) disposed between said point-source 
light (18) and said planar light guide (16) so as to 
convert the light from said point-source light (18) in- 
to linear light and radiate the linear light to said pla- 
nar light guide (16). 



8. 



Electronic equipment comprising a liquid crystal 
display unit (1) set forth in claim 7, a power supply 
unit (79) for supplying power to said liquid crystal 
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(FIG. 5) 
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(FIG. 6) 
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(FIG. 7) 
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(FIG. 8) 
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